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AERONAUTIC SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 



Length 
Time__ 
Force.. 

Power. 
Speed. 



Symbol 



I 
t 

F 



P 
V 



Metric 



Unit 



meter 

second 

weight of 1 kilogram- 



horsepower (metric), 
/"kilometers per hour, 
[meters per second __ 



Abbrevia- 
tion 



m 

s 

kg 



k.p.h. 
m.p.s. 



English 



Unit 



foot (or mile) 

second (or hour)., 
weight of 1 pound 

horsepower 

miles per hour 

feet per second 



Abbrevia- 
tion 



ft. (or mi.) 
sec. (or nr.) 
lb. 



hp. 

m.p.h. 
f.p.s. 



2. GENERAL SYMBOLS 



W } W eight =mg 

g, Standard acceleration of gravity=9. 80665 
m/s 2 or 32.1740 ft./sec. 2 
W 

m, Mass= — 
P 

I, Moment of inertia=ra& 2 . (Indicate axis of 

radius of gyration k by proper subscript.) 
n, Coefficient of viscosity 



v, Kinematic viscosity 

p, Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-nr 4 -s 2 

15° C. and 760 mm; or 0.002378 lb.-ft." 4 sec. 2 
Specific weight of "standard" air, 1.2255 kg/m 3 

0.07651 lb./cu. ft. 



at 



or 



3. AERODYNAMIC SYMBOLS 



S, 

S w , 

G, 

b, 

c, 

b 2 

S' 

V, 

2. 

L, 

D, 

D 0 , 

D t , 

D„ 

C, 

R, 



Area 

Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure =-^pV 2 

Lift, absolute coefficient 



D 



Drag, absolute coefficient C D =-^ 
Profile drag, absolute coefficient Cd 0 =^ 



Do 



Induced drag, absolute coefficient C Di = 



Parasite drag, absolute coefficient Cd p ^~^§ 

C 

Cross-wind force, absolute coefficient Cc = ^g 
Resultant force 



Q, 

12, 

VI 
p — } 



0 9 



<*09 



Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where I is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C, the cor- 
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 

Angle of downwash 

Angle of attack, infinite aspect ratio 

Angle of attack, induced 

Angle of attack, absolute (^measured from zero- 
lift position) 
Flight-path angle 
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V. EFFECT OF AIRPLANE RELATIVE DENSITY 

Hv Oscar Seidman and A. I. Neihouse 



SUMMARY 

The reported tests are a continuation of an N. A. C. A. 
investigation being made in the ji ee-spinning wind tunnel 
to determine the effects oj independent variations in food 
distribution, wing and tail arrangement, and control 
disposition on the spin characteristics oj airplanes. 

The standard series of tests was repeated to determine 
the effect oj airplane relative density. Tests were madi 
at values of the relative-density parameter oj 6.8, 8.4 
(basic), and 12.0; and the results were analyzed. Th( 
tested variations in the relative-density parameter may hi 
considered either as variations in the wing loading oj an 
airplane spun at a given altitude, with tin radii of gyration 
kept constant, or as a variation oj the altitude at which 
the spin takes place jo? a given airplane. The lower 
values of the relative-density parameter correspond to the 
lower wing loadings or to tin lower altitudes of tht spin. 

For all tail and wing arrangements, the lower values oj 
the relative-density parameter gave faster recoveries from 
steeper spins and the higher values gave slower recoveries 
from flatter spins than jar the basic loading condition. 
In general, as the relative-density parameter deer east, I, 
the rote oj vertical descent decreased, the sjrin coefficient 
ttb/2V increased, and the sideslip became more outward. 
The importance of airplane relative density, wing arrange- 
ment, and control manipulation increased as the effective- 
ness oj the tail unit decreased. 

INTRODUCTION 

The N. A. 0. A. has undertaken a systematic investi- 
gation in the free-spinning wind tunnel to determine the 
effect of independent variations in mass and dimen- 
sional characteristics on the spin characteristics of 
airplanes. 

The major wing variables include tip shape, airfoil 
section, plan form, and flaps. The Army standard 
tapered wing, also included in the test program, 
combines changes in plan form and thickness. The 
three tail arrangements range from a combination 
utilizing full-length rudder and raised stabilizer on a 
deep fuselage, designed to be extremely efficient in 
providing yawing moment for recovery, to a more 
nearly conventional type with the rudder completely 



above a shallow fuselage and almost completely 
shielded by the horizontal surfaces. 

The results of tests of each of eight wings and three 
tails on a low-wing single-engine monoplane for a basic 
loading condition, representative of an average of 
values of 21 American airplanes for which the moments 
of inertia were available, were reported in reference L 
This model is still representative of recent single- 
engine airplanes. Results with weight distributed 
chiefly along the fuselage and with weight distributed 
chiefly along the wings are presented in references 2 
and 3, respectively; the effect of center-of-gravity 
location is reported in reference 4. The present paper 
deals with the effect of the airplane relative density 
upon the spin of a representative single-engine mono- 
plane. 

As used in this paper, "airplane relative density" is 
defined as the ratio of the mass of an airplane to the 
mass of a volume of air, this volume being dependent 
upon the dimensions of the airplane hut not necessarily 
being equal to the volume of the airplane. It is meas- 
ured by l he airplane relative-density parameter jx, which 
is defined as WfgpSb, where \V/g is the mass of the 
airplane, p is the density of the ambient air, 8 is the 
area of the wing, and b is the span of the wing. 

In addition to tests for the basic loading condition 
with a value of the relative-density parameter of 8.4, 
tests were made with the relative-density parameter 
below 0=6.8) and above 0=12.0) the basic value. 
The radii of gyration and the center-of-gravity loca- 
tion were kept constant for the three loading conditions. 
Most of the present low-wing monoplanes that arc com- 
parable in size with the one represented by the tested 
model have values of relative density within the range 
of the tests. 

The ratio W/gpSb may be varied by a change either 
in air density p or in airplane wing loading W/S. The 
results of tests may therefore be taken as indicative 
of the effect on spin characteristics of a variation in the 
wing loading (radii of gyration kept constant) of an 
airplane spun at a given altitude or of a variation in the 
altitude at which the spin for a given airplane takes 
place, the lower values of \i corresponding to the lower 
wing loadings or the lower altitudes of the spin, and 
vice versa. 

1 
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APPARATUS AND METHODS 

A general description of model construction and test- 
ing technique in the N. A. C. A. free-spinning tunnel 
is given in reference 5. The models are constructed of 
balsa, reinforced with spruce and bamboo. In order 
to reduce the weight, the fuselage and the wings are 
hollowed out, the external contours being maintained 
by silk tissue paper on reinforcing ribs. The desired 
load distribution is attained by suitable location of 
lead weights. 

Figures 1 to 5 show special structural features of the 
model used in the present investigation. The wing and 

h — a.j 





Figure 1.— Low- wing monoplane model with detachable tail and wing. 

the tail units are independently removable and inter- 
changeable to permit testing any combination. The 
exchange of units can be made without any change in 
mass distribution. The mass distribution can also 
be changed without changing the wing or the tail 
arrangement. A clockwork delay-action mechanism 
is installed to actuate the controls for recovery. 

Themodel was not scaled from any particular airplane 
but was designed to be a representative low-wing cabin 
monoplane with a cowled radial engine and with landing 
gear retracted. Dimensional characteristics of the 
model and of the eight wings and the three tails are 
given on the line drawings of figures 1, 2, and 3. For 
convenience in making comparisons, the model may be 
considered to have the proportions of a 1/15-scale model 
of either a fighter or a four-place cabin airplane. The 
corresponding full-scale dimensional characteristics for 
the model for tail C would be: 

Mean wing chord (c=S/b) 75 inches. 

Span (6) 37.5 feet. 

Wing area (S) 234.4 square feet. 

Aspect ratio 6. 



Distance from quarter-chord point to 

elevator hinge 16.6 feet. 

Distance from quarter-chord point to | ( „ .<} 
rudder hinge 6+t9 feet. 

Fin area - - - 6.8 square feet. 

Rudder area 6.9 square feet. 

Stabilizer area .19.8 square feet. 

Elevator area - 12.9 square feet. 

Control travel _ Rudder: ±30°. 

Elevator: 30° up. 

20° down. 




-30"- 



(b) 



(c) 




(e) 



(f) 




1.15" 



(a) Wing 1— 23012 rectangular with Army tips; wing 2—23012 with 20-percent full- 
span split flaps at 60°. 

(h) Wing 3—23012 rectangular with rectangular tips; wing 4—23012 rectangular with 
faired tips. 

(c) Wing 5—0009 rectangular with Army tips (plan same as wing 1). 

(d) Wing 6—6718 rectangular with Army tips (plan same as wing 1). 

(e) Wing 7—23012 5:2 taper with Army tips. 

(f) Wing 8—23018-09 standard Army wing (2:1 taper, square center, Army tips, 
Figure 2.— Wings used on low-wing monoplane. N. A. C. A. wing sections. 




Toil A Toil B Tail C 

Figure 3.— Tails used on low-wing monoplane. 
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The corresponding full-scale mass characteristics for 
the present tests may he considered, as previously men- 
tioned, either on the basis of (1 ) a variation in the wing 




(a) Front view. 

(b) Plan view. 

(c) Side view, showing detachable parts. 

(d) Low-wing monoplane wings: (1) Wings 1 and 2; (2) wings 3 and 4; (3) wing 5; 

(4) wing 6; (5) wing 7; (6) wing 8. 

Figure 4.— Low-wing monoplane model. 

loading of an airplane spun at a given altitude, or (2) a 
variation in the altitude at which the spin for an air- 
plane with a given wing loading takes place. 

(1) For a variation in the wing loading, for an alti- 
tude of 0,0()() feel (p=0.001988), the mass character- 
istics are: 

Relative-density parameter ^ju = jj^Sb^) 



6. 8 



8. 4 12. 0 



Wing loading, pounds per square foot 16. 4 20. 1 28. 8 

Weight, pounds, _ _ 3, 840 4,720 6,750 
Principal moments of inertia, slug-feet 2 : 

A = mk x 2 --- — 2,250 2,760 3,950 

B=mk Y 2 - 3,230 3,970 5,680 

C= mk 7 } 5, 000 6, 150 8, 800 





(a) (1) Rectangular wing with Army tips; (2) rectangular wing with interchangeable 

rectangular and faired tips; (3) 5:2 tapered wing with Army tips; (4) 2:1 Army 
standard tapered wing with square center. 

(b) (1) Tail A, deep fuselage and long rudder; (2) tail B, deep fuselage and short 

rudder; (3) Tail C, shallow fuselage and short rudder. 

Figure 5.— Interchangeable wings and tails of low-wing monoplane model. 
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For the airplane with the foregoing wing loadings, the 
values of the relative-density parameter fi at sea level 
(p = 0.002378) would be 5.7, 7.0, and 10.0, respectively. 
Previous reports of this series describe the loading 
condition of the airplane by means of the relative- 
density parameter as determined at sea level. For the 
present report, it was considered desirable to use the 
values of (jl at the actual spin altitude. 

(2) For a variation in the spin altitude for a wing 
loading of 20.1 pounds per square foot (weight— 4,720 
pounds, A=2,760, #=3,970, (7=6,150 slug-feet 2 ), 
the equivalent spin altitudes are: 

Relative-density parameter n 6. 8 8. 4 12. 0 

Approximate spin altitude, feet Sea level 6, 000 17, 000 

The moments of inertia A, B, and C and the radii of 
gyration k X) fc Yi and fc z are about theX, and Z axes, 
respectively. 

The nondimensional mass-distribution parameters 
for the three relative-density loadings are: 

PitchinK-moinent inertia parameter [Wb'-/g(C-A)]- 61 
Etolling-momenl and yawing-momenl inertia parameter: 



[(C-B)I(C-A)] .04 

b/k x 8. 7 

x/c .25 

z/c 0 



where the symbols are defined as follows: 

x distance of center of gravity back of leading edge of mean 
chord. 

. distance of center of gravity below thrust line. 
c mean wing chord. 

Figures 1 and 4 show the model with the basic wing 
(wing 1) and tailC installed. This wing is of N. A. C. A. 
23012 section with rectangular plan form and Army 
tips. (The tij) contour is derived as described in 
reference 6.) In common with the other wings, it has 
an area of 150 square inches, a span of 30 inches, and 
no dihedral, twist, or sweepback. 

The other seven wings (figs. 2 and 5) have varied 
dimensional characteristics as follows: 

Wing 2: N. A. C. A. 23012 section, rectangular 

with Army tips, 20-pereent-chord split 

flaps deflected 60°. 
Wing 3: N. A. C. A. 23012 section, rectangular 

with rectangular tips. 
Wing 4: X. A. C. A. 23012 section, rectangular 

with faired tips. 
Wing 5: N.A.C.A. 0009 section, rectangular with 

Army tips. 

Wing 6: N. A. C. A. 6718 section, rectangular with 
Army tips. 

Wing 7: N. A. C. A. 23012 section, 5:2 taper with 
Army tips. 

Wing 8: N. A. C. A. 23018-09 section, Army 
standard plan form (square center 
section, 2:1 taper in both plan form and 
thickness, and Army tips). 



Each wing is mounted on the model at an angle of 
incidence equal to the angle of zero lift for the particu- 
lar section. The stabilizer is set at zero incidence for 
each tail. There is no fin offset. 

The three tails designated A, B, and C are shown in 
figures 3 and 5. Tail C, representing a conventional 
shallow fuselage with rudder completely above the tail 
cone, has the following dimensional characteristics: 
Vertical tail area: (> percent wing area (3 percent 

rudder and 3 percent fin). 
Fuselage side area, back of leading edge of stabi- 
lizer: 2 percent wing area. 
Vertical tail length, from wing quarter-chord 
point to rudder hinge axis: 45 percent wing 
span. 

Horizontal tail area: 14 percent wing area. (5.5 
percent elevator and S.5 percent stabilizer). 

Horizontal tail length, from wing quarter-chord 
point to elevator hinge axis: 44 percent wing 
span. 

Tail B was derived from tail C by increasing the 
fuselage depth, raising the stabilizer and the elevators, 
and installing approximately the original tin and rudder 
atop the deepened fuselage. For tail B, the vertical 
areas are: 

Vertical tail area: 0 percent wing area. 
Fuselage side area back of leading edge of stabilizer: 
5.5 percent wing area. 

Tail A is similar to tail B except for full-length rudder 
construction and slightly increased elevator cut-out. 
For tail A, the vertical areas are: 

Vertical tail area: 8 percent wing area (5 percent 

rudder and 3 percent fin). 
Fuselage side area back of leading edge of stabilizer: 
3.4 percent wing area. 

TESTS AND RESULTS 

For each wing and tail combination with each value 
of the relative-density parameter, spin tests were made 
for four control settings: 

(a) Rudder 30° with the spin, elevators neutral. 

(b) Rudder 30° with the spin, elevators 20° down. 

(c) Rudder 30° with the spin, elevators 30° up. 

(d) Rudder neutral, elevators neutral. 

Recovery from (a) and (b) was attempted by reversal 
of the rudder, from (c) by complete reversal of both 
controls as well as by reversal of the rudder alone, 
and from (d) by moving the rudder full against the 
spin and the elevators full down. 

The angle of attack a, the angle of sideslip P, the 
rate of descent V, the spin coefficient V (where Q 
is the angular velocity), and the turns for recovery 
are plotted in 12 charts (figs. 6 to 17), grouped so 
as to permit ready comparison of the effects of 
relative density, tip shape, plan form, section, flaps, 
and Army standard wing. 
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Figure 6— The effect of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, N. A. C. A. 23012 section, except as noted, m-6.8, 8.4, and 

12.0, plotted left to right; tail A; rudder 30° with; elevators 0°. 
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'igure 7. The effect of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, N. A. C. A. 23012 section, except as noted. a«=6.8, 8.4, and 

12.0, plotted left to right; tail A; rudder 30° with; elevators 20° down. 
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Figure 8.— The elToct of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, X. A. C. A. 23012 section, except as noted. /i=6.8, 8.4, an< 

12.0, plotted from left to right; tail A; rudder 30° with; elevators 30° up. 
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Figure 9.— The effect of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, N. A. C. A. 23012 section, except as noted. m = 6.8, 8.4, and 

12.0, plotted from left to right; tail A; rudder 0°; elevators 0°. 
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Figure 10.— The effect of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, N. A. C. A. 23012 section, except as noted. 

12.0, plotted from left to right; tail 13; rudder 30° with; elevators 0°. 
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Figure 11— The effecc of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, N. A. C. A. 23012 section, except as noted. M =6.8, 8.4, and 

12.0, plotted from left to right; tail B; rudder 30° with; elevators 20° down. 
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Figure 13.— The effect of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, N. A. C. A. 23012 section, except as noted. p»6.8, 8.4, and 

12.0, plotted from left to right; tail 13; rudder 0°; elevators 0°. 
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Figure 14.— The effect of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, N. A. C. A. 23012 section, except as noted. n=G.S, 8.4, and 

12.0, plotted from left to right; tail C; rudder 30° with; elevators 0°. 



14 



REPORT NO. 091 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



Effect 
of 



Upon 



deg 



60 

40 
20 
- O 



(3, 
deg 



* 10 

0 



O 



Tip 



E'S 
< ^ 

























«— « 








D ^ 






ho CO 


60r-l 






n 


c 








aS 60 




c 






» r-» 


























Plan form 



u 

cv) 5 

Ifi3 



N.A.C.A. 
airfoil section 



in 



to & 



60 60 

CD C 00 C 

O i-4 »m 

o * * 




<>=£k. 



Flap 
setting 



N.A.C.A. 
IE3O18-09 



o * 
O — 



CM 

60 

C 

o 
o 



CD 



6< 

60 £ 
C -J 

cq <s ^ •» — 



V, 40 
f p 8 go 



4^1 



Sib 
2V 



.8 

.6 
.4 
.2 
-0 



lis. 



la 

Me 



tor 



3 

too* 



ed 



M 

o 



tuc 

30° 



Turns 
for 
re- 
cov- 
ery 



20 
15 
10 
5 

-0 





t;rpi 



2 



?tiii:aa dI 



2 ui'ih 



La 



9? 



op 



CD 



O CD 



Figure 15.— The effect of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, N.A.C.A. 23012 section, except as noted. m=6.8, 8.4, and 

12.0, plotted from left to right; tail C; rudder 30° with; elevators 20° down. 
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Figure 17.— The effect of various wings on the spin characteristics. Wing has rectangular plan form, Army tips, NT. A. 0. A. 23012 section, except as noted. m=6.8, 8.4, 

and 12.0, plotted from left to right; tail C; rudder 0°; elevators 0°. 
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The data on these charts are believed to represent 
the true model values within the following limits (see 
reference f) : 

a ±3°. 

§ ±ix°. 

Turns for recovery ± Ji turn. 

126/2 V ±3 percent. 

V ±2 percent. 

For certain isolated spins in which it was difficult to 
control the model in the tunnel owing to high air 
speed or to wandering or oscillatory motion, the fore- 
going limits may be exceeded. 

DISCUSSION 

As noted in reference 5, variations have been observed 
between model spin-test results and corresponding full- 
scale spin-test results for a given airplane, probably 
because of the difference of the Reynolds Number 
between the tests. 

Before the results are discussed, some remarks on 
the spin parameters given in figures G to 17 appear 
desirable. The basic parameter is the number of 
turns for recovery and is, from the viewpoint of the 
pilot, of the most interest. The other parameters, the 
angle of attack, the angle of sideslip, the rate of descent , 
and the coefficient ilb/2V, define the steady spin prior to 
the recovery attempt. The steady-spin parameters and 
their correlation with the turns for recovery are of 
considerable importance from research considerations. 

Extensive tests in the spin tunnel have repeatedly 
indicated that, for any given tail arrangement, the 
number of turns required for recovery will be the least 
from the steepest spins (lowest angle of attack). Load 
distributions, wing arrangements, and control disposi- 
tions that tend to steepen the spin will therefore have 
a favorable effect upon the recovery characteristics. 
The statement that steeper spins are associated with 
quicker recoveries should be considered to apply only 
to spins of a given airplane. When a comparison of t he 
spins of two different airplanes is made, however, the 
airplane with the steeper spin may give the slower 
recovery. Results in the spin tunnel, for example, 
indicate that, in a change from a short-length rudder 
like tail B to a full-length rudder like tail A, there is a 
tendency toward a more rapid recovery although the 
spin is flatter with the full-length rudder. This result 
merely emphasizes the importance of a powerful rudder 
control for recovery. 

The angle of sideslip in a spin affects the direction 
of air flow around the tail of an airplane and may 
therefore be of importance in determining the speed of 
recovery from a given spin. The angle of inclination 
of the wings to the horizontal, upon which the sideslip 
angle ft depends, is a factor involved in determination 
of the inertia moments acting in a spin. The rate of 
vertical descent V is of importance in considerations 
involving the vertical distance available for effecting 
recovery from a spin, and the spin parameter ttb/2 V 



may be used to determine the angle of attack along the 
span of an airplane in a spin. 

Tests with tail A (figs. 6 to 9).— Figures 6, 7, and 8 
give results for rudder with the spin for different 
elevator settings. Results of spins with controls 
neutral are presented in figure 9. As previously 
stated, recovery was attempted by full rudder reversal 
alone when the elevators were down or neutral, by 
simultaneous reversal of both controls and by full 
rudder reversal alone when the elevators were up, and 
by moving the rudder to full against the spin and the 
elevators to full down when both controls were neutral. 

The results indicate that decrease in the relative 
density will lead to faster recoveries; whereas, an in- 
crease in the relative density leads to slower recoveries. 
The turns for recovery, at the high value of the relative- 
density parameter, varied between wide limits for 
different wings. At the low value of fi, on the other 
hand, recoveries were very satisfactory for all wings 
for all control manipulations. It therefore follows 
that, as the wing loading of an airplane is decreased 
(radii of gyration being kept constant) or as the altitude 
of the spin is decreased, the recovery characteristics 
of the airplane will be improved. 

The effect of relative density on the steady spin was 
to decrease the angle of attack with a decrease in the 
value of the relative-density parameter for all wings at 
all control settings. For the low value of (i with the 
elevators neutral, the angle of attack decreased so 
much that the wing with flaps deflected (wing 2) would 
not spin and, when the elevators were down, the nose- 
down tendency increased sufficiently to put the model 
out of the autorotation range for wings 2, 3, 4, and 5. 

ftxeept for the wing of \. A. 0. A. 6718 section, 
outward sideslip generally increased as the relative 
density decreased. This result is in qualitative agree- 
ment with results obtained on the spin balance for 
several of the monoplane wings tested, which indicated 
that, as the relative density is decreased, the sideslip 
necessary for equilibrium in a spin generally becomes 
more outward (reference 7). 

The rate of vertical descent V generally became 
slower and the spin coefficient ilb/2V generally became 
larger as the relative density decreased even though 
the spins were steeper. For wings 2, 3, 4, and 5, the 
rate of descent became slower and the value of Qb/2V 
became greater at first with a decrease in the relative 
density; but, as the spin became very steep, the rate 
of descent tended to become faster and the value of 
Qb/2V to become less. The rate of vertical descent V 
depends upon the drag coefficient and the weight of 
the model, and it actually became faster even though 
the weight of the model had been diminished because 
the accompanying decrease in drag coefficient due to a 
smaller angle of attack predominated. The present 
results indicate that the angular velocity ft was not 
much affected by variations in ju. 
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For the present tests, the effect of wing variables 
was very similar to the results obtained with center-of- 
gravity variations, as reported in reference 4. As 

before, the wings with rectangular and faired tips gave 
the steepest spins, the most outward sideslip and the 
most rapid recoveries. The rectangular wing with 
Army tips consistently gave Hatter spins and slower 
recoveries. Even slower recoveries were obtained for 
the wing of 5:2 taper with Army tips. The wing of 
N. A. C. A. 23012 section consistently exhibited the 
poorest recovery characteristics; the wing of tin 4 
N. A. 0. A. 0009 section gave the most outward side- 
slip; and the wing of N. A. C. A. 6718 section gave 
inward sideslip. The general effect of flaps was adverse, 
recovery being retarded. For the low value of the 
relative-density parameter, however, their effect was 
somewhat favorable when the elevators were neutral 
or down. This result is in agreement with previous 
spin-tunnel results, which indicated that deflecting the 

Haps tends to have a favorable effect upon a steep spin 
hut an adverse effect upon a Hat spill Tor the condition 
of ele\ a tor neutral or down. The Army standard wing, 
which has Army tips and is tapered in both plan form 
and thickness, indicated more satisfactory recovery 
characteristics than the basic rectangular wing. 

The effect of control setting on the characteristics is 
given by a comparison of figures (> to 0. Spins with 
elevators neutral and rudder with the spin were very 
similar to the corresponding spins with elevators down. 
Corresponding recoveries by lull rudder reversal were 
also similar for the two elevator positions, although 
several wings gave slower recoveries with elevators 
down than with elevators neutral. With the elevators 
down, for the low value of the relative-density para- 
meter, wings 3, 4, and 5 would not spin although spins 
were obtained when the elevators were neutral. The 
most rapid recoveries were obtained from spins with 
elevators full up, by simultaneous reversal of both 
controls, or by rudder reversal alone. Wings that had 

given unsatisfactory recoveries with elevators down 
gave faster recoveries by reversal of rudder alone, with 
elevators held full up, than by simultaneous reversal of 
both controls, thus indicating the importance of full 
rudder reversal before moving the stiek forward. The 
results indicated that complete rudder reversal followed 
by moving the stick forward would have the advantage 
of rudder reversal with a minimum of shielding in 
addition to possible favorable action of the elevators in 
providing a pitching moment tending to aid recovery. 
In general, elevator setting had little effect upon the 
angle of attack of the steady spin, although the elevator- 
Up Spins Were slightly steeper, had higher rates of 
descent, less outward sideslip, and lower values of 
tib/2\' than the elevator-down spins. 

Spins with both controls neutral were hard to obtain 
as the model would not spin with this control setting 
for many conditions. (See fig. 9.) Spins obtained 



were steeper with higher rates of descent than the 
corresponding spins with rudder full with (and elevators 
neutral). Recovery by simultaneously moving the 
rudder to full against and the elevators to full down 
was somewhat faster than obtained by reversal of 
rudder from full with to full against with the elevators 
neutral. 

The results with tail A indicated that, in general, 
the fastest recoveries were associated with the steepest 
spins. For any given value of the relative-density 
parameter, the steepest spins were associated with the 
highest rates of descent and the lowest \ alues of Q,bj2V, 
but there was no consistent relationship between the 
sideslip of the steady spin and the turns required for 
recoveiy. 

Tests with tail B (figs. 10 to 13).— As previously 
noted, tail B differs from tail A primarily in that tin 4 
rudder area was reduced from 5 to 3 percent of the 
wing area by making the portion of the rudder behind 
the fuselage fixed fin area. The results of the tests 
with the reduced rudder area are given in figures L0 to 
13, corresponding bo figures 6 to 9 for tail A. 

A comparison between the two groups of figures -how s 
that tail B gave consistently steeper spins than tail A 
for all values of the relative-density parameter and 
elevator settings w hen the rudder was with the spin, 
because of the increase in the fixed vertical surface. 
In some instances, spins could not be obtained with 
tail B for conditions that gave spins with tail A. For 
all conditions where tail B gave spins, however, the re- 
coveries were slower than for tail A. The comparison 
shows tin 4 importance of unshielded rudder area for 
effecting satisfactory recoveries from fully developed 
spins. With the rudder neutral, the two tails generally 
gave very similar spins, but tail A gave the more 
rapid recoveries. 

The general nature of the effects of relative density, 
wing arrangement, and control setting for tail B was 
very similar to that for tail A. The magnitudes of the 
effects were much greater with tail B to the extent of 
being critical as regards recovery characteristics. The 
beneficial effects of low relative density and the ad- 
verse effects of high relative density were very much 
more apparenl 

With tail B, the wing of N. A. C. A. 6718 section 
tended to give better recovery at a high value of the 
relative-density parameter than the other two sections. 
With this tail, in several instances, recovery from the 
normal spin with elevators up by reversal of both con- 
trols appeared to be somewhat more satisfactory than 
by reversal of rudder alone. This fact would seem to 
indicate that the pitching moment associated with 
moving the elevators down in a steep spin might be an 
aid to a relatively ineffective rudder in effecting re- 
covery. The elevators should not, of course, be moved 
down before the rudder is reversed. 
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The critical effects of relative density indicated by this 
tail arrangement may account for sonic of the marked 
differences sometimes reported when a given airplane 
is spun at different altitudes. 

Tests with tail C (figs. 14 to 17).— When tail C (the 
fin and rudder of tail B atop a shallow fuselage) was 
installed on the model, the spins were very similar to 
those with tail A when the rudder was with the spin. 
The decreased rudder area with the spin apparently 
bended to balance the effect of the decreased fin area. 
The lack of rudder control, however, generally led to 
very much poorer recovery characteristics with tail C. 
Here, again, on the basis of the slower recoveries ob- 
tained from spins with elevators down, it may be in- 
ferred that it is desirable to have the reversal of the 
rudder (from full with the spin) precede the downward 

deflection of the elevators. 

The effects of relative density, wing arrangement, 
and control setting gave trends similar to those for 
tails A and B, but the inferiority of tail C was most 
apparent. With tail C, the poorest from spinning con- 
siderations, the model was especially critical to varia- 
tions in relative density, wing arrangement, or control 
manipulation. Spins tended to be slightly steeper 
with tail C than with tail A but could be obtained for 
several cases where tail A would not give a spin (ele- 
vators down). Whereas with the full-length rudder 
(tail A) it was indicated that full rudder reversal alone 
was most satisfactory for recovery from elevator-up 
spins, for tail C, as for tail B, the results indicated that 
for the shorter rudders, simultaneous reversal of both 
controls from full with to full against gave faster 
recoveries than by rudder reversal alone. 

A comparison of the three tail arrangements indicates 
that, as the design of the tail approaches that of tail A 
with sufficient fin and rudder area below the horizon tad 
surfaces, variations in relative density, wing arrange- 
ment, and control manipulation become less important. 
If the design simulates that of tail C, however, relative 
density wing arrangement, and the type of control 
manipulation in a spin become matters of great 
import ance. 

CONCLUSIONS 

By analysis of the data presented, the following 
conclusions may be obtained: 

Effects of airplane relative density (wing loading or 
altitude of the spin): 

1. In nearly every case, an increase in the relative 
density gave flatter spins, higher velocities, lower 
values of the spin coefficient, and slower recoveries. 

2. Except for the wing of N. A. C. A. 6718 section, 
sideslip generally became more outward as the relative 
density was decreased. 

3. At high values of the relative-density parameter, 
the effects of wing arrangement, tail arrangement, and 
control position became very critical. 



Effects of wings: 

1. Tip shape. Rectangular and faired tips gave the 
steepest spins, the most outward sideslip, and the 
most rapid recoveries. The Army tip consistently 
gave flatter spins and slower recoveries. 

2. Plan form. — The wing of 5:2 taper generally gave 
slower recoveries than the rectangular wing. 

3. Section.- The wing of N. A. C. A. 23012 section 
consistently exhibited the poorest recovery character- 
istics. The wing of N. A. C. A. 0009 section gave the 
nost outward sideslip, and the wing of N. A. C. A 
6718 section gave inw ard sideslip. 

4. Flaps. — Flaps generally retarded recovery. When, 
however, the original spin was rather steep, deflection 
of the flaps tended to aid recovery when elevators were 
neutral or down. 

5. Army standard wing. — The Army standard wing 
gave more satisfactory recovery characteristics than 
the basic rectangular wing. 

Effects of control setting: 

1. Recoveries from spins with elevators down were, 
in general, similar to those with elevators neutral. 

2. Holding the elevators up resulted in the steepest 
spins from which the most rapid recoveries could be 
obtained. For any tail arrangement, the results indi- 
cated that full rudder reversal, followed by moving the 
elevators full down, would be the most satisfactory 
manipulation, giving the advantage of pitching moment 
due to the elevators without shielding of the rudder. 

Effects of tail arrangement : 

L, The tail with deepened fuselage, raised stabilizer 

and elevators, and full-length rudder gave the most, 
satisfactory recoveries. 

2. The tail with deepened fuselage, raised stabilizer 
and elevators, and short rudder gave steeper spins but 
poorer recoveries. 

3. The more nearly conventional tail with short rud- 
der atop a shallow fuselage gave the slowest recoveries. 

4. The importance of the other variables increased 
as the effectiveness of the tail unit decreased. 
Relationships between spin characteristics: 

1. For a given tail arrangement, steepest spins were 
associated with the fastest recoveries. For a given 
value of the relative-density parameter, steep spins 
were associated with low values of the spin coefficient. 

2. For a given value of the relative-density param- 
eter, there was no consistent relationship between the 
sideslip of the steady spin and the turns required for 
recovery. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 


Designation 


Sym- 
bol 


Longitudinal 

Lateral. _ _ _ _ 


X 
Y 
Z 


Normal 





Force 
(parallel 
to axis) 
symbol 



X 
Y 
Z 



Moment about axis 



Designation 



Rolling. _ 
Pitching. 
Yawing. . 



Sym- 
bol 



L 

M 

N 



Positive 
direction 



Y- 
Z- 
X- 



*z 

>Y 



Angle 



Designa- 
tion 



Roll.. 
Pitch. 
Yaw.. 



Sym- 
bol 



Velocities 



Linear 
(compo- 
nent along 
axis) 



u 

v 

w 



Angular 



Absolute coefficients of moment 
n - L n - M 

(rolling) (pitching) 



D, Diameter 

p, Geometric pitch 

p/D, Pitch ratio 

V, Inflow velocity 

V 8 , Slipstream velocity 

T, Thrust, absolute coefficient C T 

Q, Torque, absolute coefficient C Q 



1 hp. = 76.04 kg-m/s=550 ft-lb./sec. 

1 metric horsepower= 1.0132 hp. 

1 m.p.h.=0.4470 m.p.s. 

1 m.p.s. = 2.2369 m.p.h. 



Angle of set of control surface (relative to neutral 
n _ N position), 5. (Indicate surface by proper subscript.) 

(yawing) 

4. PROPELLER SYMBOLS 

Power, absolute coefficient C P = 

"\ Pn 2 





p, 




C S y 






T 


n, 






Q 









p 

pn'D 5 



Speed-power coefficient = 

Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle =tan~ 1 ( / r-~^ 
fe \2irrnJ 



5. NUMERICAL RELATIONS 



1 lb. =0.4536 kg. 

1 kg=2.2046 lb. 

1 mi. = 1,609.35 m=5,280 ft. 

1 m=3.2808 ft. 



